Abstract-This article deals with the optimization of a threephase tetrahedral-type high voltage transformer, sized to supply three voltage-doubling cells and three magnetrons per phase. The optimization method used is based on an algorithm implemented in Matlab/Simulink to study the influence of transformer geometrical parameters on the electrical operation of the power supply. This study will allow to find reduced volume of transformer respecting the current constraints imposed by the magnetrons manufacturer. The choice of optimal solution is done by calculation of magnetrons powers in order to respect the nominal operation.
I. INTRODUCTION
In the development study of power supplies for microwave applications, we always seek to find more powerful and optimal solutions in terms of installation space, cost of manufacture and maintenance. In this context, this work defines a method to optimize the three-phase HV transformer used in this kind of power supplies with nine magnetrons (three for each phase).
Unlike the old power supplies already developed, whether single-phase magnetron 800Watts-2450Mhz or three-phase of three magnetrons 2400Whats-2450Mhz [1] [2] [3] . This new technology of nine magnetrons is optimized compared to that previously developed [4] . It offers an identical microwave power of 7200Watts-2450MHz. So it can use less optimized power supply to size a more powerful industrial microwave.
The design of this power supply is based on a three-phase HV transformer with magnetic shunts of tetrahedral type having a shell type structure. Each phase feeds three doublers cells giving a voltage which is suitable for the operation of the three magnetrons that delivers the microwaves [5] . The magnetic shunts of the transformer ensure the stability of the current in each magnetron in order to not exceed the values recommended by the manufacturer Imax<1.2A and Iavg ≤ 300mA.
This paper is divided in two sections. In the first, we present the model and the results obtained by simulation under Matlab/Simulink. In the second section, we study the influence of each geometrical parameter of the transformer on the operation of the power supply. This study will allow us to define the optimized algorithm based on the simultaneous variation of these parameters. This leads to various solutions that respect the criteria recommended by the magnetron manufacturer. The choice of the best solution is validated by the calculation of the volume as well as the comparison of the results obtained with those of the non-optimized power supply, taking into account the operation of magnetrons in full power.
II. MODELING AND SIMULATION OF THE THREE-PHASE HIGH VOLTAGE POWER SUPPLY WITH THREE-MAGNETRONS PER PHASE

A. Description and Modeling of Power Supply
The general model of the three-phase HV power supply constitutes of a magnetic shunt transformer, doublers cells, and three magnetrons for each phase. The three-phase HV transformer is represented by three identical models of singlephase transformers coupled in star as shown in Fig. 1 . Unlike conventional transformers, this special transformer contains intermediate magnetic shunts between the side columns and the central column, which allows to ensure the stabilization of the current in the magnetrons by the saturation of its magnetic circuit. Energy source www.ijacsa.thesai.org From the different electrical and magnetic equations already developed of this transformer [4] , each phase is modeled as a quadruple in π, composed of three non-linear inductances on the primary, secondary and shunts sides. These inductances have a section S, a length ℓ and a characteristic which can be determined from the relation and also the curve B(H) of the material transformer [6] [7] . The different equations that determine the current and flux (I, ) for each inductor are expressed as follows:
For primary inductance :
For secondary inductance :
For shunt inductance : Each magnetron is presented by a model describing its operation which contains a diode with dynamic resistance R = ΔU/I = 350 Ohm and a threshold voltage E = 3800V. Fig. 3 shows the general model of the power supply.
B. Simulation of the Model
The equivalent model of the three-phase HV power supply is implemented under Matlab/Simulink. The primary of the transformer is powered by a nominal voltage of 220/380V with a phase shift of 2π/3. Each non-linear inductance is modeled by Simulink blocks showing their operation. One of these blocks is used to interpolate the B(H) curve with the ANFIS neurofuzzy method [8] [9] [10] . Fig. 4 and 5 give the different currents/voltages curves of magnetrons, diodes, capacitors and transformer secondary obtained in a previously study [4] . These curves will be the comparison tool between the optimized and non-optimized power supplies. III. OPTIMIZATION OF THE TETRAHEDRAL TRANSFORMER USED IN THE POWER SUPPLY The optimization stage is based on the model developed on Matlab/Simulink of the three-phase HV power supply with three-magnetron per phase. This model will allow us to study with respect to the reference transformer case (non-optimized transformer) the sensitivity of each geometrical parameter to the nominal operation of the power supply [11] [12] [13] . This study will give us an idea of how we can simultaneously vary all the parameters in order to meet the following criteria:
 Have the various possible optimal solutions that offer a reduced volume without risk of exceeding the limits recommended by the magnetron manufacturer.
 Among the obtained solutions, find a better optimal one that respects the full power operation of the magnetrons.
A. Influence of each Single Transformer Parameter on the Magnetron Current
The π quadruple model of the three-phase tetrahedral HV transformer contains non-linear inductances that depend on the geometrical parameters. Therefore, the variation of such a parameter modifies the overall operation of the equivalent circuit of the power supply. The simulation results of the model permit to plot the variation of the maximum and average magnetron current in terms of the selected transformer parameters as shown in Fig. 6 to 10. These parameters must be within the ranges specified in Table I . From Fig. 6 to10, we can see that the maximum current and the average magnetron current decreases when the three parameters (a, n 2 ,e) decrease. On the other hand, for the case of the n 3 parameter, we notice that the increase in the number of plates constituting each shunt causes a decrease in the maximum value of the current in the magnetrons. We also note that the variation of n 3 does not exceed the acceptable limits of the magnetron current mean value.
These observations make us think of reducing the magnetic circuit volume of the transformer, without risk of damaging the magnetron tubes.
B. Optimization Algorithm
The analysis of the results obtained previously confirms the magnetron current sensitivity with respect to the variation of each geometrical parameter of the transformer. These results prompted us to define an algorithm to study the influence of more than one geometrical parameter on the electrical operation of the power supply. We seek to simultaneously minimize all the parameters (a, n 2 , n 3 , e) thus the total volume of the tetrahedral transformer. The different optimal solutions found allow us to make a better choice between the transformer volume and the average power output by the magnetron.
The algorithm is used to minimize an objective function, which is the volume of the transformer in (cm 3 ) while respecting the operating conditions of the three phase magnetron power supply. The objective volume function is defined in the following form: (4) From Fig. 2, can be calculated as follows:
The volume of the copper is defined by :
 d : presents the diameter of the copper cable on the primary or secondary side  : presents the number of turns per column  :presents the entire part of  : presents the fractional part of By using the different intervals of variation of the geometrical parameters defined previously. The vector X used in our algorithm (Fig. 10) will take all the possible combinations between the different parameters X = [x 1 , x 2 , x 3 , x 4 ] = [a, n 2 , n 3 , e]. Table II gives the step and the variation margin of each combined and defined parameter in the vector X. At each X iteration, we perform a model simulation on Simulink using the ''sim'' function in Matlab. The results obtained from each simulation will be checked in order to take the one that respects the operating constraints of the power supply. By displaying to each solution found the values of vector X, the max and average current as well as the average power of the magnetron.
After simulating the model with the different combinations of the geometrical parameters, Table III presents the five best solutions selected that meet the current imposed by the manufacturer also that it allows to operate the magnetrons in nominal power.
From Table III , we find that solution S 2 presents the best compromise between the volume of the transformer and the operation of the magnetron (Pavg = 1074,6W, Imax= 0.91(A) and Iavg =264,34 mA, Volume= 7788,87cm
2 ). For the solution S 5 , it has a minimum volume, but it does not allow nominal operation at full power of the magnetrons. We simulate the model under Matlab/Simulink with the new geometrical parameters of the transformation optimization solution. The waveforms of the voltages and currents obtained ( Fig. 11 and 12 ) are almost identical to those obtained in the case of reference, while respecting the operating constraints of the magnetrons. So we can say that 22 % of the power supply volume is optimized without having a large magnetron power lost after optimization.
Transformer optimization rate ( ).
(7)
Magnetron power lost after optimization (P lost ). P lost = P mref -P mopt = 1100,47-1074,60 = 25,87W
P mref : Average magnetron power given by the reference transformer. 
IV. CONCLUSION
In this work, we have succeeded after a study of optimization, to define a proper algorithm that aims to find an optimal solution of the three-phase tetrahedral type HV transformer used to feed three magnetrons per phase. This study allowed us to reduce the volume, the congestion as well as the cost. The optimized solution obtained is compared to that of reference; it gave a transformer that meets the operating criteria of the entire power supply.
As a perspective, this work can be used as a reference to optimize another type of transformer employed for microwave application at N = 1,2,3 magnetrons per phase while seeking to do a thermal study on the optimized transformer.
